This article reviews results of research on the development of graph theoretical chemodescriptors, topological indices in particular, and proteomics as well as DNa/RNa sequence based biodescriptors and their applications in predicting property/bioactivity of chemicals as well as viruses. Use of biodescriptors in the characterization of emerging pathogens like the Zika virus (ZIkV) has been discussed. The use of proper statistical methods in model building is emphasized with special reference to research carried out by the author of this review.
Introduction
During the past six decades there has been an increased interest in the use of numerical graph invariants or topological indices in the formulation of quantitative structure-activity/property relationship (QSaR/QSPR) models [1] [2] [3] [4] . In a molecular graph G = (V, E), V represents the non-empty set of atoms and E usually represents the set of covalent bonds present in the mol- 
The Structure-activity Relationship (SAR) Paradigm
The central paradigm of structure-activity relationship (SaR)
can be expressed by the following relationship:
In equation ( 
Calculation of Mathemtical Descriptors of Molecules and Biomolecules
Harry Wiener [5] was the first to put forward the idea of a structural index for the estimation of properties of molecules from their structure. This index is popularly known as the Wiener index, W. As shown by Hosoya [6] for the first time, the index W can be calculated from the distance matrix D(G) of a hydrogen-suppressed graph G as the sum of entries in the upper triangular submatrix:
where g h is the number of unordered pairs of vertices whose distance is h. It is worth mentioning that Professor Hosoya [6] used the term "topological index" to designate numerical graph invariants for the first time.
In our research during the last four decades we have frequently used connectivity, valence connectivity, electrotopological, information theoretic, and Triplet indices calculated by the software POLLY [7] , MolconnZ [8] , and Triplet [9] , The graph theoretic chemodescriptors fall into two major categories: 
Model Development Techniques
Proper statistical methods need to be used for the development of QSAR models particularly when the case is rank defi-
cient, i.e., the number of predictors (p) is much larger than the number of cases (n). For details on proper modeling methods in
QSaR development, see [10] 
QSAR for Estimation of/Ames' Mutagenicity of 508 Diverse Chemicals
Mutagenic potential of chemicals is important both of drug design and environmental protection. Many chemicals which are mutagenic or genotoxic are also carcinogenic. ames' mutagenicity is one important endpoint for estimating the potential genotoxicity of chemicals. Ridge regression (RR) method was used to develop hierarchical QSaR (HiQSaR) model for a set of 508 chemically diverse mutagens and non-mutagens. Results in Table 1 show that a TS + TC combination gave the best QSaRs for predicting mutagenicity of the 508 chemicals. The addition of 3-D and QC descriptors to the set of independent variables made minimum or no improvement in the quality of the models. Of the 508 chemicals, 256 were mutagens and 252
were non-mutagens based on ames' Salmonella/microsome mutagenicity assay. For the number of indices in the various classes calculated for this data set, the make-up was: TS (103); TS + TC (298); TS+TC+3D+QC (307).
Such good quality predictive models based on easily calcu- 
Prediction of Octanol-Water Partition

Co-efficient (Kow) using Topological Indices
Octanol-water partition coefficient (Kow) is a physical property which is important both for new drug discovery and hazard assessment of environmental pollutants. Starting with a database of measured kow values of over four thousand chemicals, topological indices were used to develop predictive models for the property. The set of chemicals were first divided into 14 groups based on the number of hydrogen bonds and calculated descriptors were used to develop estimation models for each subset.
The results indicated that the predictive power of these models were comparable to other models developed for kow prediction [11] .
Characterization and Surveillance of Emerging Global Pathogens using Mathematical Sequence Descriptors
In recent years we witnessed a global upsurge in the spread of lethal vector borne diseases like dengue, encephalitis, West
Nile virus, Chikungunya (CHIkV) and Zika virus (ZIkV) which fall into the category of emerging viral infections. Recently ZIkV has come into worldwide prominence because this virus, spread mainly by the Aedes aegypti mosquito, causes microcephaly in children whose mothers were exposed to the virus while they were pregnant. Our team has used mathematical sequence descriptors for the characterization of the genome [12] of ZIkV isolated from the african and asian region as well as for the computational prediction of potential peptide vaccines [13] which could be effective against ZIkV. In the genomics approach [12] , invariants of graphs of RNa sequences of the ZIkV strains were used to compare sequences. a new sequence, if that is different from the ones already known, can be visualized and detected from the plot of the sequences against the mathematical descriptors. In the vaccinomics area [13] , conserved gene sequences are detected using calculated sequence descriptors and then those sequences are used as the starting point for the computational design of peptide vaccines with high potential for success. For further information on this line of research, please see [14, 15] .
Discussion
In this article we have given a short overview of our research in the use of topological chemodescriptors and biodescriptors.
In QSaR development we used a hierarchical approach which The unintended consequences of the use of myriads of chemicals for various societal purposes is that some of them will be released to the environment and we will be exposed to them.
Such chemicals are large in number and structurally very di-
verse. Yet we need to develop models whereby we can assess hazard posed by them because experimental testing of so many candidate chemicals is prohibitively costly and will need the 
